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ABSTRACT
New radiative lifetimes, measured to ±5 % accuracy, are reported for 31 even-parity levels of Fe I ranging from
45061 cm-1 to 56842 cm-1.  These lifetimes have been measured using single-step and two-step time-resolved
laser-induced fluorescence on a slow atomic beam of iron atoms.  Branching fractions have been attempted for
all of these levels, and completed for 20 levels.  This set of levels represents an extension of the collaborative
work reported in Ruffoni et al. (2014).  The radiative lifetimes combined with the branching fractions yields new
oscillator strengths for 203 lines of Fe I.  Utilizing a 1D-LTE model of the solar photosphere, spectral syntheses
for  a  subset  of  these  lines  which  are  unblended  in  the  solar  spectrum  yields  a  mean  iron  abundance  of
<log[ε(Fe)] > = 7.45 ± 0.06.
1. INTRODUCTION
Iron group elements are the heaviest which can be produced through energy-generating nuclear fusion reactions
in massive stars and in supernovae, resulting in a ’pile-up‘ of abundance at what is referred to as the Fe-peak.
56Fe is particularly abundant because it lies at the maximum of the binding energy per nucleon curve, and thus is
the most stable nuclide.  In addition to being very abundant, iron also has a complex atomic structure leading to
a very rich spectrum throughout the UV, visible and near infrared.  It is, therefore, a dominant contributor in the
line absorption spectra of most  stellar photospheres and is easy to detect in all  but a few metal-poor stars.
Multiply ionized Fe-peak elements contribute to the opacity and deeper structure of a star. It would be difficult to
overstate the importance of iron in astronomical studies.  The metallicity of a star is defined as the logarithm of
the ratio of iron to hydrogen abundances and iron is used as a reference element in studies of nucleosynthesis
and the chemical evolution of the Galaxy.  Iron transition probabilities are not  only used to determine iron
abundances but often other stellar parameters such as the surface gravity and the effective temperature, T eff. (see,
for example, Gray (2005) Ch. 15)
There is an ongoing need to improve the quality and scope of transition probabilities for the Fe I spectrum. The
spectrum of Fe I has been studied in detail by Nave et al. (1994)1.  This extensive work catalogues nearly 10,000
lines of Fe I from 170 nm to 5 µm, giving energy level classifications for most.  In addition she has added 28
new levels and improved the energies of 818 levels.  Of the 10,000 lines of Fe I available on the NIST Atomic
Spectra  Database  (ASD)  website,  however,  only  2400  have  measured  transition  probabilities.   These  are
available from the recent critical compilation by Fuhr & Wiese (2006)1.  This compilation summarizes in detail
the  current  state  of  available  laboratory  transition  probabilities  for  Fe  I,  and  a  full  discussion  will  not  be
presented here.   However, the  work of  two groups is  considered particularly noteworthy by the compilers.
Those are the very accurate absorption measurements by Blackwell, et al (1979a, 1979b, 1980, 1982a, 1982b,
1986, 1995) for  200 transitions and the accurate and comprehensive set of 1814 transition probabilities of
O’Brian et al. (1991) most of which were determined by combining measured radiative lifetimes of 186 levels
with  branching  fractions  measured  using  Fourier  transform  spectroscopy.  Using  the  levels  with  measured
lifetimes, O’Brian et al. also extrapolated level populations in an inductively coupled plasma source to report
absolute transition probabilities for an additional 640 transitions from 104 levels. 
1 Numerical data from this compilation are available in the NIST database at http:// 
physics.nist.gov/PhysRefData/ASD/index.html
